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[0049] 

(Table l) shows data structures of common estimation management 
data in the embodiment 1 and embodiment 2 of the present invention. 
[0050] 
[Table l] 

1. Defect sector number. 

2. Replacement sector number 

3. Estimation result 

4. SLD erasure 

5. Replacement and reuse 
[0051] 

One horizontal row of (Table l) constitutes one entry. One entry is 
comprised of defect sector number, replacement sector number, estimation 
result, SDL erasure, and replacement and reuse in this order from the left. 
Defect sector number is extracted from SDL. Replacement sector number is 
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first extracted from SDL, and will be updated by a sector number of a 
replacement sector if rearrangement of replacement sectors takes place. 
Estimation result contains result of an estimation that shows whether a 
defective sector of that entry can be used for recording and recovery (=being 
a normal sector). SDL erasure contains whether or not erasure from SDL of 
any defective sector that was determined to be usable for recording and 
recovery has finished (=SDL erasure processing has been done). 
Replacement and reuse contains whether or not rearrangement of a 
replacement sector that was erased from SDL has finished (=replacement 
and reuse has been processed). Stored in RAM that is built-in in the 
microprocessor D2d in FIG. 1, the estimation management data is employed 
by being referred to and updated, so that the microprocessor D2d 
implements defect control. 
[0052] 

Now, we describe the overall picture of the defect control method of 
the present invention with reference to illustrative embodiments shown in 
the tables. 
[0053] 

In the embodiment 1 of the present invention, rewrite region is 
comprised of one group wherein user sectors are sector-numbered from 0 to 
99989 and spare sectors are sector-numbered 99990 to 99999. 
[0054] 

FIG. 3 illustrates overall flow of the defect control method in the 
embodiment 1 of the present invention. 
[0055] 
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Table 2 shows variations in SDL in the embodiment 1 of the present 
invention. (Table 2a) lists original SDLs to be referred to in the estimation 
candidate extracting processing. 
[0056] 

(Table 2b) shows SDLs after entry erasing processing takes place. 
(Table 2c) shows SDLs after replacement sector reallocating processing takes 
place. 
[0057] 

Table 3 shows variations in the estimation management data in the 
embodiment 1 of the present invention. 
[0058] 

(Table 3a) shows the estimation management data after the 
estimation candidate extracting processing takes place. (Table 3b) shows 
the estimation management data after sector estimating processing takes 
place. 
[0059] 

(Table 3c) shows the estimation management data after the entry 
erasing processing takes place. (Table 3d) is the estimation management 
data after the replacement sector reallocating processing takes place. 
[0060] 

In FIG. 3, a major processing flow is in the order of the estimation 
candidate extracting processing, sector estimating processing, entry erasing 
processing, and replacement sector reallocating processing. 
[0061] 

These processes are to respond to an instruction from a higher-level 
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device to restore any defective sector that can be used for recording and 
recovery among defective sectors registered in SDL (P102 in FIG. 2), and 
region data to be estimated is also given as a parameter accompanying the 
instruction. 
[0062] 

The estimation candidate extracting processing is the process to 
extract from SDL sector information to be estimated. By referring to region 
data and SDL, the process extracts a defect sector number to be estimated 
and a replacement sector number thereof from SDL and stores them in the 
estimation management data. 
[0063] 
[Table 2] 

1 Total Number of Entries = 10 

2. Total Number of Entries = 8 

3. Total Number of Entries = 8 
[0064] 

As seen from SDL shown in (Table 2 a), there are 3 entries that have a 
defective sector in the region of Sector Numbers 010000 to 0400000. 
Content of the 3 entries is stored in a defect sector number i&eld and a 
replacement sector number field of the estimation management data. 
Before this processing takes place, respective fields of the estimation 
management data shall be initiahzed to a value representative of an initial 
condition. For instance, for discrimination, an impossible value (-1) shall be 
stored in the fields of the defect sector number and replacement sector 
number. With the processing, the estimation management data shall be as 
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shown in (Table 3 a). 

[0065] 

[Table 3] 

(a) 

1. Defect sector number 

2. Replacement sector number 

3. Estimation result 

4. SDL erasure 

5. Replacement and reuse 
6-10- Not estimated 
11-20. Unprocessed 

(b) 

1. Defect sector number 

2. Replacement sector number 
3: Estimation result 

4. SDL erasure 

5. Replacement and reuse 

6. Normal sector 

7. Defective sector 

8. Normal sector 
9.10. Not estimated 
11-20. Unprocessed 
(c) 

1. Defect sector number 

2. Replacement sector number 



3. Estimation result 

4. SDL erasure 

5. Replacement and reuse 

6. Normal sector 

7. Defective sector 

8. Normal sector 
9-lO.Not estimated 

11. Processed 

12. Unprocessed 

13. Processed 
14-20. Unprocessed 
(d) 

1. Defect sector number 

2. Replacement sector number 

3. Estimation result 

4. SDL erasure 

5. Replacement and reuse 

6. Normal sector 

7. Defective sector 

8. Normal sector 
9-lO.Not estimated 

11. Processed 

12. Unprocessed 

13. Processed 
14-15. Unprocessed 



16. Processed 

17. Unprocessed 

18. Processed 
19-20. Unprocessed 
[0066] 

The sector estimating processing is the process to estimate an 
extracted defective sector. The process refers to defect sector numbers 
stored in the estimation management data, estimates whether a 
corresponding defective sector can be used for recording and recovery (=being 
a normal sector), and stores result of the estimation in the estimation 
management data. 
[0067] 

(Table 3b) shows that as a result of an estimation, the sectors 
numbered 014328 and 036249 are determined to be a normal sector. 
[0068] 

The entry erasing processing is the process to erase an entry of a 
defective sector that is available from SDL. From the estimation 
management data, the process matches a defect sector number of an entry 
whose estimation result shows it is a normal sector against defect sector 
numbers in SDL, erases an entry of SDL having a matched defect sector 
number, and marks in the estimation management data that SDL erasure 
has been processed. 
[0069] 

With reference to (Table 3b), the process is directed to an SDL entry 
having defective sectors numbered 014328 and 036249. Erasing the two 
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SDLs entry from (Table 2a) results in SDL as shown in (Table 2b). Then, in 
the SDL erasure field of the estimation management data corresponding to 
this, processed is stored and will be as shown in (Table 3c). 
[0070] 

The replacement sector reallocating processing is the process to 
reallocate a replacement sector that has been registered in an entry erased 
from SDL. From the estimation management data, the process refers to 
replacement sector numbers of entries for which SDL erasure has been 
processed, and recognizes a usable replacement sector. Then, it refers to 
SDL entries, and determines whether switching of a replacement sector of 
that entry with the recognized replacement sector is desirable in view of 
access time, such as a shorter seek distance, etc. If it determines that 
switching is desirable, it replaces the replacement sector number of that 
entry in SDL with the replacement sector number of that entry in the 
estimation management data. The replacement is repeated till switching of 
a replacement sector of any entry in SDL is determined to be no longer 
desirable. Finally, it marks that the Replacement and Reuse of the 
estimation management data has been processed. 
[0071] 

With reference to (Table 3c), it is seen that usable replacement 
sectors are sectors numbered 099992 and 099997. It can be seen by 
referring to SDL shown in (Table 2b) that there are entries of replacement 
sectors having a higher sector number than them. To shorten a seek 
distance, as it is more advantageous to select a sector with a smaller sector 
number as a replacement sector, these sectors shall be switched. As a result 
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of switching of the replacement sector numbers of SDL and the estimation 
management data, SDL shall be as shown in (Table 2c) and the estimation 
management data shall be as shown in (Table 3d). 
[0072] 

Now we describe details of respective processes by means of flow 
charts. As a matter of convenience, the estimation management data is 
abbreviated as EMD, and indices for referring to entries in SDL and EMD 
are designated by SI and EI, respectively. In addition, for respective fields 
of entries in SDL, defect sector number is abbreviated as DSN and 
replacement sector number is abbreviated as RSN. Similarly, for respective 
fields of entries in EDM, defect sector number is abbreviated as DSN and 
replacement sector number is abbreviated as RSN. Thus, the mark of EMD 
[Ol.DSN signifies that it points to 014328 that is at the left most field in the 
first entry of (Table 3a). 
[0073] 

FIG. 4 is a flow chart of the estimation candidate extracting 
processing in the embodiment 1 of the present invention! 
[0074] 

First, indices for referring to entries in SDL and EMD are initiahzed 

(401). 
[0075] 

Then, the process compares the total number of entries in SI with 
that in SDL to determine whether or not all entries in SDL have been 
referred to (402). If it has finished reference to all SDL entries, the process 
should end. Otherwise, it should perform the following step. 
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[0076] 

The process determines if a defective sector registered in SDL is 
contained in a region to be estimated (403). If not, it skips a following step, 
proceeding to next entry in SDL (406). If so, it copies a pair of a defect 
sector number and a replacement sector number of a corresponding SDL in 
the defect sector number field and the replacement sector number field in 
EMD (404), increments El to advance by one an entry of EMD to be stored 
(405), andi proceeds to the next entry in SDL (406). 
[0077] 

FIG. 5 is a flow chart of the sector estimating processing in the 
embodiment 1 of the present invention. 
[0078] 

First, indices for referring to entries in EMD are initialized (50 1). 

[0079] 

Then, the process makes a comparison to see if the value (-1) 
indicates that nothing has been registered in DSN field in EMD, to 
determine whether or not all entries in EMD have been referred to (502). If 
the process has finished reference to all EMD entries, it should end. 
Otherwise, it should perform the following step. 
[0080] 

As a process to copy one sector (503), data stored in a sector is not 
only copied from a defective sector registered in EMD to a replacement sector, 
but also it is estimated whether or not the replacement sector is usable. If 
the result thereof turns out to be a crucial failure, the process ends. If the 
result is either a normal sector or a defective sector, it stores the result in the 
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estimation result field of EMD (504), and increments El to proceed to a next 

EMD entry (505). 

[00081] 

FIG. 6 is a flow chart of a process to copy 1 sector in the embodiment 
1 of the present invention. 
[0082] 

A sector number of a copying origin shall be SRC, and that of a 
copying objective shall be DST. First, to read out data of a sector of the 
copying origin, positioning to the sector of the copying origin is done (601), 
and data of the sector of the copjdng origin is read into a buffer (602). If any 
of the steps fails, the process sets the result to a crucial failure and ends. 
[0083] 

Then, to record data in a sector of a copying objective, positioning to 
the sector of the copying objective is done (603), and the data is recorded in 
the copying objective, by using data of the copying origin to be read into the 
buffer (^604). If any of the steps fails, the process ends with the result as a 
defective sector. Then, in step (604), if the technology disclosed in Japanese 
Unexamined Patent Publication No.6-64859 to Ichii et al., i.e., position 
information of a target sector to be recorded or recovered is missing, 
complementation may be used by measuring timing with a counter, etc. from 
a sector before the target sector. 
[0084] 

If necessary, at last, to check whether data of the copying objective 
can be normally restored, positioning to the sector of the copsdng origin is 
done (605), data of the copying origin sector is read into the buffer (606), and 
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verification on whether corrected number of erroneous bytes is below a 
specified value is performed. If any of the steps fails, the process ends with 
the result as a defective sector. 
[0085] 

If all of the steps described above succeed, the process ends with the 
result as a normal sector. FIG. 7 is a flow chart of the entry erasing 
processing in the embodiment 1 of the present invention. 
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FIG. 2 

1. Region Data 

2. Estimation Candidate Extracting Process 

3. Sector Estimating Processing 

4. Defect Sector Number. 

5. Entry Erasure 

6. Defect Sector Number 

7. 8. Replacement Sector Number. 

9. Entry Erasing Processing 

10. Replacement Sector Reallocating Processing 

11. Defect Sector Number 

12. Replacement Sector Number. 

13. Defect Sector Number 

14. Estimation Result 

15. Defect Sector Number 

16. Estimation Result 

17. SDL Erasure 

18. Replacement Sector Number. 

19. SDL Erasure 

20. Replacement Sector Number. 

21. Replacement and Reuse 
22-25. Estimation Control Data 

FIG. 3 
1. Start 
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2. SDL Index: SI f-O 
EMDIndex:El ^0 

3. SI <Total Number of Entries in SDL 

4. Is SDL [S1].DSM within the region? 

5. End 

FIG. 4 

1. Start 

2. EMDIndex:E1^0 

3. Copy 1 sector. 

4. Result = Crucial Failure 

5. EMD [El]. Estimation Result *- Result 

6. End 

FIG. 5 

1. Copy 1 sector (SRC, DST). 

2. Seek to SRC. 

3. Succeeded? 

4. Read out data at copying origin. 

5. Read SRC. 

6. Succeeded? 

7. Seek to DST. 

8. Succeeded? 

9. Make the recording timing switchable whether or not complementation 
from a previous sector may be used. 
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10. Write DST. 

11. Succeeded? 

12. Write DST 

13. Succeeded? 

14. Possible to skip if data of the copjdng objective needs not be guaranteed. 

15. Verify DST. 

16. Succeeded? 

17. Result <— Normal 

18. Result Defective 

19. Result *— Crucial Failure 

FIG. 6 

1. Start 

2. EMD Index: El 0 

3. EMD [El] Estimation Result = Defect 

4. Erase 1 entry. 

5. EMD [El]. SDL Erasure Processed 

6. End 

FIG. 7 

1. Start 

2. SDL Index: Si ^0 

3. SI < Total Number of SDL Entries 

4. S 1 <Total Number of SDL Entries 

5. Decrease the total number of entries in SDL by 1. 
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6. End 
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